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1.0 Introduction
This final report covers activities of the EDA-funded Maine Mass Timber Commercialization
Center (MMTCC) during the award period October 1, 2017 – September 30, 2020. Further
information can be found in the six biennial reports submitted to EDA during execution of the
grant.
2.0 Proposed Objectives
The specific objectives outlined in UMaine’s grant application were:
The objective of the work proposed herein is to pursue key strategies deemed critical to the
revitalization of Maine’s forest products industry as identified by the Department of Commerce,
federal interagency Economic Development Assessment Team (EDAT)1.
Priority “E” of the EDAT report states: “Invest in the research, development and
commercialization of emerging wood technologies”. In particular, the EDAT report singled out the
unique opportunity that exists for development of Mass Timber (e.g. cross laminated timber)
production in Maine:
“Cross Laminated Timber (CLT) research at the University of Maine is linked to several potential
manufacturing facilities seeking east coast locations. Immediately form a collaboration of
appropriate parties to promote the siting of a CLT facility in Maine and identify recommendations
to incentivize wider use of CLT and possible demonstration projects.”
Should this proposal be funded the Maine Mass Timber Commercialization Center, based at the
University of Maine, will be created, teamed with industrial partners, trade organizations,
construction firms, architects, and other stakeholders in the region to act upon these priorities. The
outcome will be revitalization and diversification of Maine’s forest-based economy by means of
bringing innovative mass timber (e.g. CLT) manufacturing to the State of Maine, thereby
stimulating the regional forest products cluster through direct and indirect job creation (both
skilled and unskilled) and increased demand for Maine’s forest resources. The emergence of this
new innovation based industry cluster will result in positive economic impacts to both local and
regional economies, particularly in Maine’s rural communities.
The Maine Mass Timber Commercialization Center will act upon the recommended EDAT actions
by focusing on the following tasks:






1

Formalize and support efforts of the recently formed (2016) Maine Mass Timber Advisory
Committee (MMTAC), to-date an informal/ad hoc group of University scientists and
economists, sawmills, the Maine Forest Products Council, engineers, architects, general
contractors and others. Membership of the committee will be expanded and activities
increased demonstrating to potential investors that a cooperative group of stakeholders
support this innovative industry in Maine. Of particular importance, the Commercialization
Center and MMTAC will identify, support and promote a mass timber demonstration project
in Maine.
Create an Attraction Package to help attract a mass timber manufacturer to invest and locate
in Maine. Among other topics, this package will summarize Federal, State and local
incentives that can be brought to bear to make Maine more competitive with other regions,
both existing and contemplated, near (Quebec) and far (Europe) and clearly articulate the
time-sensitive business opportunity that exists.
Develop products to make Maine more competitive in the North American mass timber
market.

Maine Forest-Based Economy: Report of the Economic Development Assessment Team. January 2017.
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Coordinate execution of a Life Cycle Analysis (LCA) of a mass timber demonstration building.
This will allow for quantification of the environmental attributes (e.g. carbon sequestration)
of CLT construction.

As will be shown, all four of these major objectives were met. However, the ultimate objective –
the establishment of a CLT plant in Maine, has yet to occur. A company with existing CLT
manufacturing announced intentions to locate a facility in Maine and was awarded a $3MM grant
from the State, but was unable to meet the required deadlines and is reassessing their plans. A
second company has announced plans to build a plant in Lincoln, ME, but ground has yet to be
broken. While the groundwork has been laid and much progress made, the two questions posed
to MMTCC membership recently are (a) why hasn’t a CLT manufacturer established facilities in
Maine yet?, and (b) what still needs to be done to make this a reality? These questions will be
addressed in the conclusion.
3.0 EDA-Required Report Sections
Each one of the six required report sections (items in italics) is addressed here.
3.1 The specific regional need that the Project was designed to address and progress made
during the Period of Performance and beyond that has mitigated or will mitigate that need and
advance economic development.
The specific regional need was to answer the question “Why Maine?” when a CLT manufacturer
or investor is considering siting their next plant. This would be accomplished by (a) Organizing
stakeholders in Maine to present a ready, prepared, experienced, unified and supportive front as
related to mass timber production, (b) Hosting the Maine Mass Timber Event, bringing together
stakeholders in the region to learn about mass timber opportunities in Maine, (c) Creating an
Attraction Package with detailed responses to every conceivable issue highlighting areas where
Maine has a competitive advantage, (d) Conducting research to make Maine-made CLT more
competitive, (e) Conducting an LCA on a proposed building on the UMaine campus, enhancing
chances of a demonstration project being built, as well as highlighting the carbon benefits of CLT
buildings, a likely driver of demand in the coming decade.
3.2 A high-level overview of the activities undertaken.
Activities for each of the main project objectives described above are first covered, followed by
other outcomes worthy of highlight.
3.2.1 MMTAC
The Maine Mass Timber Advisory Committee (MMTAC) was formalized and expanded as part
of this project, ending with 56 members from 37 companies/organizations in Maine, the region
and nation (Table 1). This group met 19 times during the 3-year grant period, including meetings
in Orono, Augusta and Portland, ME. The group included industry trade associations, architects,
engineers, CLT producers, sawmills, contractors, economic development agencies, housing
agencies, investment firms, University researchers, etc. The relationship building and dotconnecting that took place as part of this committee is perhaps one of the most important outcomes
of this project, one that will be sustained for years to come.
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Table 1 – MMTAC member companies/organizations

American Wood Council
Becker Structural Engineers
Bensonwood
CHA Architecture
Consigli Construction
Fontaine and Stratton Lumber
Gray-Organschi Architects / Yale
Hancock Lumber Co.
Innovative Natural Resource Solutions
Jones & Beach Engineers
Katahdin Region Economic Development
Leers Weinzapfel Associates
Ligna Maine CLT
Maine Forest Products Council
Maine Street Solutions/Verrill Dana LLP
Maine Sustainable Forest Initiative
MaineHousing
MIT
New England Forestry Foundation

Northern Forest Center
Northeastern Lumber Manufacturers Assoc.
Olifant
Our Katahdin
PDT Architects
Pleasant River Lumber Co.
Robbins Lumber Co.
Scott Simons Architects
SmartLam
SMRT
Thornton Tomasetti
Travirke
UMaine
UNH Cooperative Extension
University of Southern Maine
Vermont Sustainable Jobs Fund
WBRC Architects and Engineers
Woodworks

3.2.2 Attraction Package
An attraction package entitled “The Case for CLT Manufacturing in Maine” was written by Shane
O’Neill, UMaine’s Forest Industry Business Development Manager. This 292-page document
provided a comprehensive overview for potential investors and CLT manufacturers. Key topics
include wood fiber availability, transportation, workforce, state and federal incentives, and state
economic development agencies. The cover page and table of contents is included below in Table
2. Both full and abridged versions can be downloaded from: https://composites.umaine.edu/keyservices/wood-composites/maine-mass-timber-commercialization-center/
3.2.3 R&D to Make Maine-Made CLT More Competitive
The original proposal for this task was to produce CLT using “1x”, or 1” nominal thickness lumber
(as opposed to “2x” or 2” nominal thickness). The latter is the typical starting material for most
North American CLT manufacturers. The impetus for this originally-planned work was a partner
sawmill in Northern Maine which was producing significant quantities of 1” thick material. Their
interest was to find value-added markets. As this partner sold their mill and left this project in
2018, the activity was rescoped to evaluate the technical feasibility of using all ten species in the
SPF-S lumber category for CLT. Seven of these ten species grow in Maine, and therefore
determining if there are any problems related to adhesive bonding and durability with any
particular species, in advance of a mill siting a facility in the State, is crucial and serves to derisk
an investment decision.
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Table 2 – Table of Contents for Attraction Package
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All ten species in the SPF-S grouping are approved for CLT manufacturing today (V4 grade listed
in ANSI/APA PRG-320, Standard for Performance-Rated Cross-Laminated Timber). However,
this is based solely on mechanical properties of lumber. What was unknown was the durability of
the bondline in a glued, cross laminated composite such as CLT (as opposed to traditional adhesive
testing where pieces are glued with the grain all running in the same direction, such as with gluelaminated timber, i.e., glulam). Bondlines in a cross-laminated composite such as CLT are stressed
in a much different and more extreme manner. A good example of a species of interest within the
SPF-S grouping is red pine. While somewhat plentiful in Maine, it is less frequently sawn into
dimensional lumber than red spruce, white spruce, and balsam fir. Prospective CLT manufacturers
have projected the potential ability to acquire red pine sawlogs at a discount, but have wondered
about its suitability for use in CLT.
The research conducted included production of two 5-ply billets (each 30” x 30”) for each of the
ten species. Block shear and delamination specimens were excised and tested per PRG-320. In
addition to the ten species in the grouping, Eastern white pine and Eastern hemlock were added,
as these species are asked about often as potential lamstock for CLT made in the region in the
future. The testing program revealed that all ten species in the grouping, as well as the two others
added, passed the acceptance criteria. This indicates bondline durability should not be an obstacle
in using these species for CLT production. A report and summary of results is included as
Appendix A.
3.2.4 LCA
Life cycle assessment (LCA) is a tool that can be used to quantify environmental impacts of the
manufacture and use of materials LCAs in the context of analysis of buildings typically focus on
global warming potential and provides information to assess carbon-sequestration potential of the
construction, use, and de-construction phases of a building. CLT is often pitched as an
environmentally friendly, less energy intensive alternative to building products (such as steel and
concrete), and some posit that its widespread adoption could be a climate change mitigation tool.
Thornton Tomasetti Engineers were hired to conduct an LCA (Appendix B) on a proposed 92,000
ft2 CLT addition to UMaine’s Advanced Structures & Composites Center. It is hoped that the
LCA will increase the likelihood that the project gets funded and that CLT is chosen as the primary
building material. Importantly, this LCA will be added to the relatively few done on CLT buildings
in the United States.
3.2.5 The Maine Mass Timber Event
On October 11, 2018 the MMTCC hosted the “Maine Mass Timber Event”, a day-long conference
that attracted 182 attendees to network and learn about our efforts and vision for CLT production
in Maine. The event agenda listing all sessions and speakers is presented as Figure 1, and the
entire program is included as Appendix C.
More information can be found at:
https://composites.umaine.edu/key-services/wood-composites/maine-mass-timber-conference/.
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Figure 1 – Maine Mass Timber Event Agenda
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3.2.6 The Maine Mass Timber Design Competition
One of the MMTAC members, Ryan Kanteres of Simons Architects in Portland, ME organized
the Maine Mass Timber Design Competition. The objective was to spur interest in the regional
architectural community looking at innovative designs using mass timber. A Maine Huts & Trails
lodge was chosen as the building to be designed, and approximately 50 entries from across the
country were received. Four were chosen for top awards, presented during the Maine Mass Timber
Event. One of the winners was featured in Arch Daily, a popular architecture website (Figure 2).

Figure 2 – A winning entry of the Maine Mass Timber Design Competition

3.2.7 Building Codes
A subcommittee of the MMTAC was formed to work with the Maine Uniform Building and
Energy Code (MUBEC) Board of Codes & Standards. This board, chaired by the Asst. State Fire
Marshal, is part of the Maine Department of Public Safety. Matt Tonello, of Consigli Construction,
chaired the subcommittee. A proposal to have Maine early-adopt the 17 tall-wood building code
provisions included in the 2021 International Building Code (IBC) was presented to the MUBEC
board at their April 2018 monthly meeting in Augusta, ME. On January 29, 2021 the MUBEC
board voted to adopt all 17 codes, bringing this effort to a successful conclusion. While few tall
wood buildings are likely to be built in Maine, MUBEC’s adoption of these code provisions is yet
another example to investors of Maine’s support for mass timber technologies, derisking
investment in the State.
3.2.8 MMTCC Marketing
A website was created for the MMTCC to help promote and connect interested parties. This can
be found at: https://composites.umaine.edu/key-services/wood-composites/maine-mass-timbercommercialization-center/
A LinkedIn page was also created: https://www.linkedin.com/company/11543679
Information was also provided to both the Think Wood initiative (www.thinkwood.com) as well
as #Forestproud to assist in our promotion, amplification and marketing efforts.
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3.2.9 University Demonstration Projects
Early on in the project, the MMTCC invited WoodWorks (a close partner) to give a presentation
on mass timber to its Facilities Management staff to educate their team as the University
considered CLT as an option for the new Engineering Education & Design Center on the Orono,
ME campus. Ultimately, CLT was not chosen.
However, James Beaupre, UMaine’s Director of Industrial Cooperation, leveraged a University
Research Reinvestment Fund grant (~$60,000) to conduct a comparative study on a new Life
Sciences Building for the College of Natural Sciences, Forestry & Agriculture (Figure 3). This
study compared designs and costs of a CLT building compared to one built with steel and concrete.
The project estimator, Consigli Construction, included things rarely included (such as savings in
construction time when CLT is used), providing a more apples-to-apples comparison. Results
showed the two options came out on par in terms of cost, negating the oft-held assumption that
CLT must come at a premium. An LCA was also conducted as part of this study.

Figure 3 – Proposed NSFA Life Sciences CLT Building

Inspired by this EDA/MMTCC grant, in 2019 UMaine applied for and was awarded one of ten
$100,000 University Mass Timber Grants from the U.S. Endowment for Forestry and
Communities. This project included four members of the MMTAC (Simons Architects, Thornton
Tomasetti Engineers, Consigli Construction and SmartLam) who designed and priced a 92,000 ft2
CLT addition to the UMaine Composites Center. This demonstration of the use of mass timber in
large, industrial, warehouse style buildings would be an excellent chance to showcase CLT in
Maine. This addition, known as the Green Engineering & Materials (GEM) lab, will house the
world’s largest 3D printer, currently installed at UMaine, with research focus on use of woodderived bioplastics and nano-cellulose (Figure 4).

Figure 4 – Proposed CLT addition to the UMaine Composites Center
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3.2.10 Forest Industry Business Development Manager
This grant partially funded the salary of UMaine’s Forest Industry Business Development
Manager, Mr. Shane O’Neill, hired in February of 2018. Shane was responsible for the Attraction
Package, and spent much of his time connecting University research with Maine’s forest products
industries, including the many opportunities related to mass timber. Shane made hundreds of calls
and visits to Maine forest products companies, looking for opportunities to assist as related to
encouraging mass timber production and usage.
3.2.11 Regional Collaboration
While regional CLT supply is very likely to come from Maine, demand is likely to come from the
metropolitan areas to the south (Boston/NYC/Washington corridor). Therefore, efforts were made
to include MMTAC members from throughout New England. Members from MA, CT, NH and
VT all joined. MMTAC staff invited the VT Mass Timber group to join, and vice versa. MMTAC
members traveled to Boston, MA twice to present to a local working group known as Timber+.
With the MMTAC in agreement that further regional collaboration is desirable, an application to
the U.S. Forest Service’s Wood Innovations Program was submitted in 2020 to expand upon this
EDA grant by creating the New England Mass Timber Commercialization Center. The grant was
not awarded, but efforts and conversations continue on how to fund these ongoing activities.
3.2.12 Climate Policy
The connections, collaborations, and visibility promoted by the MMTCC was influential on Maine
policy.
Specifically,
the
Maine
Climate
Council
(https://www.maine.gov/future/initiatives/climate/climate-council), through its Buildings,
Infrastructure and Housing Working Group, developed a four-year plan for climate action in
December
2020
(https://www.maine.gov/future/sites/maine.gov.future/files/inlinefiles/MaineWontWait_December2020.pdf). Strategy B, Item 4, recommend “Develop and
enhance innovation support, incentives, building codes, and marketing programs to increase the
use of efficient and climate-friendly Maine forest products, including mass timber and wood-fiber
insulation”.
3.3 Details of lessons learned during the Period of Performance that may be of assistance to
EDA or other communities undertaking similar efforts.
The importance of networking and relationship building undertaken as part of this project cannot
be understated. Having a group of 50+ interested parties, from disparate disciplines, many of
which had not met previously, meet monthly for over three years to discuss all things mass timber
was very helpful. An additional benefit was “spinoff” work which occurred between parties that
met as part of this effort. The creation and continuation of this network for potential manufacturers
is a real asset for the State and region.
3.4 The expected and actual economic benefits of the Project at the time of the Report.
While not an explicit objective of this grant, ultimately the hope was to see a CLT manufacturer
site a plant in Maine. While this has not happened yet, many believe it will, as many experts are
prognosticating significant current and near-future demand for CLT buildings in the Northeast.
https://www.woodworks.org/publications-media/building-trends-mass-timber/
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There have been economic impacts from this work, however. At least one major sawmill has
recently installed kilns capable of drying lumber to 12% (for CLT) or 19% (for lumber)
simultaneously, believed to be in anticipation of demand from CLT producers. Other examples
include design and promotion of two buildings on UMaine’s. Project costs for each building is on
the order ~$75 million.
Ultimately, the major economic benefits will come when a CLT plant is producing material in
Maine: buying lumber from local mills, which supports the logging industry and rural
communities; hiring engineers and CNC laborers to run the plants; shipping material via truck, rail
and ship around the region, country and globe. This project has laid the groundwork to make this
reality much more likely.
3.5 Report that aggregates all required Metrics from the previously submitted Metrics (EDA
strongly encourages the Recipient to submit the aggregate Metrics in a machine-readable format,
such as an Excel workbook).
The Excel metrics form, submitted during each biennial report, is being submitted in conjunction
with this final report.
3.6 Any other key information from the Period of Performance.
Continued investment in the efforts to promote CLT manufacturing in the State and region is highly
encouraged. Momentum from this project has certainly been built, and needs to be continually
pursued and amplified.
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APPENDIX A
Bonding Quality of Spruce-Pine-Fir (South) Cross-Laminated Timber
Jacob Snow2, Benjamin Herzog3, and Russell Edgar3
Introduction
Cross-laminated timber (CLT) is a prefabricated solid engineered wood product made of at least
three orthogonally bonded layers of solid-sawn lumber or structural composite lumber that are
laminated by gluing of longitudinal and transverse layers with structural adhesives to form a solid
rectangular-shaped, straight, and plane timber intended for roof, floor, or wall applications.
Currently, there are no CLT manufacturers in the northeastern U.S. despite the region being known
for its vast forestlands of commercial softwood timber. Sitting atop this region, Maine is the
region’s primary “wood basket,” the most heavily forested state in the nation (as a percentage of
land area) containing nearly 26 billion cubic feet of wood. For CLT manufacture, availability and
access to spruce-pine-fir-south (SPF-S) lumber is critical. There are 10 species that make up the
SPF-S grouping in the U.S.: red (Picea rubens), black (Picea nigra), white (Picea glauca), Norway
(Picea abies), Engelmann (Picea engelmannii), and sitka (Picea sitchensis) spruces, balsam fir
(Abies balsamia), jack (Pinus banksiana), red (Pinus resinosa), and lodgepole (Pinus contorta)
pines.
Unlike some other mass timber products, e.g., nail-laminated timber (NLT) and dowel laminated
timber (DLT), adhesive bonds must be used in order to realize the benefits of CLT. These
adhesives are responsible for transferring loads and providing durable bonds during the structure’s
service life. The objective of this study was to evaluate the bonding performance of all the SPF-S
species, as well as two other commercially viable softwood species in the northeast: white pine
(Pinus strobus) and Eastern hemlock (Tsuga canadensis), to the acceptance criteria included in
ANSI/APA PRG 320-2019, Standard for Performance-Rated Cross-Laminated Timber.
From September 2019 through October 2019, lumber was sourced from various mills and sent to
the Advanced Structures and Composites Center (ASCC), located at the University of Maine, for
conditioning, CLT manufacturing, and testing. The ASCC is housed in a 100,000 ft2 ISO 17025
and PRG-320 accredited testing laboratory with more than 150 full and part-time personnel. The
center has over 20 years of research experience in mass timber manufacturing and evaluation.
CLT Fabrication
Per the PRG 320 performance standard, all lumber laminations were conditioned prior to CLT
manufacture until a moisture content of 12 ± 3% was attained. Two 30 inch x 30 inch 5-ply CTL
billets were fabricated per species. The adhesive used was a single part PUR adhesive commonly
used in the North American CLT industry. Fabrication parameters, including lamstock
preparation, assembly time, adhesive spread rate, clamping pressure/duration, etc. followed the
adhesive manufacturer’s recommendations. All billets were stored in an indoor environment for
a minimum of 24 hours to ensure the adhesive sufficiently cured, at which time billets were
trimmed to 24 inches x 24 inches (Figure 1).

2
3

School of Forest Resources, University of Maine, 5755 Nutting Hall, Orono, ME 04469-5755, USA
Advanced Structures and Composites Center, University of Maine, 35 Flagstaff Road, Orono, ME 04469-5793, USA
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Figure 1. Stack of trimmed billets

Specimen Preparation & Testing
Specimen preparation was done in accordance with PRG 320; three block shear tests, i.e., “B”
specimens and three delamination tests, i.e., “D” specimens were extracted from each panel at the
locations shown in Figure 2 and labeled to indicate the panel number and specimen position within
the panel. The specimens were prepared in such a sway that all laminations in the major and minor
strength directions were continuous (i.e., did not include an edge joint between laminations). The
“B” and “D” specimens were prepared in accordance with Figures 3 and 4, respectively.

Figure 2. Block shear (“B”) and delamination (“D”) specimen locations.
A = 4 ± 1 inches, L1 = 24 to 36 inches, and L2 = 24 to 36 inches
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Figure 3. Straight-block shear specimen configuration.

Figure 4. Delamination specimen configuration
Block shear testing followed PRG 320, Section 8.2.5; block shear specimen was placed in a
standard shearing tool, and testing is shear by compression loading at a uniform rate of 0.50 ± 0.05
inch/min. Specimens were positioned in the shearing tool with the bond line in the shearing plane
(Figure 5).
Delamination testing followed PRG 320, Section 8.2.6; initial weights of the specimens were
measured to the nearest gram and recorded prior to placing the specimens in a pressure vessel.
Specimens were weighed down and covered with water at a temperature of 65 to 85 ºF. A vacuum
of 20-25 in-Hg was applied and held for 30 minutes. The vacuum was released, and a pressure of
70-80 psi was applied for 2 hours. Following, specimens were removed from the pressure vessel
and dried in a 160ºF oven until their weights were approximately between 110% and 115% of their
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original weights. Once dried, specimens were removed from the oven, and delamination was
measured immediately and recorded.
Results
The acceptance criteria for block shear and delamination specimens is published as Section 6.3.3
or PRG 320:




Block Shear
o The average wood failure of all specimens combined shall be equal to or greater
than 80%.
o At least 95% of all specimen shall have a wood failure of 60% minimum, and
o For specimens with wood failure below 50%, a second block shear specimen shall
be permitted to be prepared from the same bond line and tested. Wood failure of
the second specimen shall be 80% minimum.
Delamination
o The average delamination of all bond lines in each specimen shall not exceed 5%,
and,
o If the average delamination of all bond lines in a specimen exceeds 5% but is not
more than 10%, a second delamination specimens shall be permitted to be prepared
from the same CLT panel and tested. The average delamination of all bond lines
in the second specimens shall be no more than 5%.

A summary of the test results are shown in Tables 1 and 2 for shear and delamination, respectively.
All species met the acceptance criteria of PRG 320.
Table 1: Shear Test Results
Species
Balsam Fir
Black spruce
Eastern hemlock
Engelmann spruce
Jack pine
Lodgepole pine
Norway spruce
Red pine
Red spruce
Sitka spruce
White pine
White spruce

Average Wood
Failure (%)

% of specimens with
WF < 60%

98
99
94
95
100
97
96
97
96
98
98
95

0.0
0.0
4.2
0.0
0.0
4.2
4.2
0
0.0
0.0
0
4.2

Pass/Fail?

Pass
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Table 2: Delamination Results
Species

Maximum Specimen
Delamination (%)

Balsam Fir
Black spruce
Eastern hemlock
Engelmann spruce
Jack pine
Lodgepole pine
Norway spruce
Red pine
Red spruce
Sitka spruce
White pine
White spruce

5
2
0
4
4
5
4
1.7
4
0
1.7
5

Pass/Fail?

Pass

Conclusions & Future Actions
A major objective of this study was to provide data in order to de-risk the investment of siting a
mill in the region to potential CLT manufacturers. Clearly, the availability, grade, and “glueability” of local species are of major importance to future CLT producers in the area. The work
presented herein address the latter most variable. All species in the SPF-S grouping, as well as
two other commercially-viable northeastern species (white pine and eastern hemlock), have
demonstrated compliance with the face-bond acceptance criteria of ANSI/APA PRG 320. It is
therefore concluded that all species in the SPF-S grouping are an acceptable lamstock for CLT
production (from an adhesive bonding perspective).
As part of future work, the results of this study will be both expanded upon for publication in peerreviewed journals and summarized for more general media outlets. The Maine Mass Timber
Commercialization Center, sponsors of the project, will be responsible for the dissemination of
this information to all interested stakeholders.
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